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Abstract 

Background Understanding the resistance mechanisms of tumor is crucial for advancing cancer therapies. The pro-
spective MATCH-R trial (NCT02517892), led by Gustave Roussy, aimed to characterize resistance mechanisms to can-
cer treatments through molecular analysis of fresh tumor biopsies. This report presents the genomic data analysis 
of the MATCH-R study conducted from 2015 to 2022 and focuses on targeted therapies.

Methods The study included resistant metastatic patients (pts) who accepted an image-guided tumor biopsy. After 
evaluation of tumor content (TC) in frozen tissue biopsies, targeted NGS (10 < TC < 30%) or Whole Exome Sequencing 
and RNA sequencing (TC > 30%) were performed before and/or after the anticancer therapy.

Patient-derived xenografts (PDX) were established by implanting tumor fragments into NOD scid gamma mice 
and amplified up to five passages.

Results A total of 1,120 biopsies were collected from 857 pts with the most frequent tumor types being lung (38.8%), 
digestive (16.3%) and prostate (14.1%) cancer. Molecular targetable driver were identified in 30.9% (n = 265/857) 
of the patients, with EGFR (41.5%), FGFR2/3 (15.5%), ALK (11.7%), BRAF (6.8%), and KRAS (5.7%) being the most common 
altered genes. Furthermore, 66.0% (n = 175/265) had a biopsy at progression on targeted therapy. Among resistant 
cases, 41.1% (n = 72/175) had no identified molecular mechanism, 32.0% (n = 56/175) showed on-target resistance, 
and 25.1% (n = 44/175) exhibited a by-pass resistance mechanism. Molecular profiling of the 44 patients with by-pass 
resistance identified 51 variants, with KRAS (13.7%), PIK3CA (11.8%), PTEN (11.8%), NF2 (7.8%), AKT1 (5.9%), and NF1 
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(5.9%) being the most altered genes. Treatment was tailored for 45% of the patients with a resistance mechanism 
identified leading to an 11 months median extension of clinical benefit.

A total of 341 biopsies were implanted in mice, successfully establishing 136 PDX models achieving a 39.9% success 
rate. PDX models are available for EGFR (n = 31), FGFR2/3 (n = 26), KRAS (n = 18), ALK (n = 16), BRAF (n = 6) and NTRK 
(n = 2) driven cancers. These models closely recapitulate the biology of the original tumors in term of molecular altera-
tions and pharmacological status, and served as valuable models to validate overcoming treatment strategies.

Conclusion The MATCH-R study highlights the feasibility of on purpose image guided tumor biopsies and PDX 
establishment to characterize resistance mechanisms and guide personalized therapies to improve outcomes in pre-
treated metastatic patients.

Keywords Cancer, Metastatic, Resistance, PDX, Targeted therapy, Biopsy

Graphical Abstract

Introduction
In recent years, significant technological advancements 
in molecular biology techniques and the development of 
patient-derived models have led to exponential progress 
in cancer therapy. Alongside classic chemotherapy, a 
wide range of new drugs including tyrosine kinase inhibi-
tors (TKI), immune checkpoint inhibitors, endocrine 
therapy, or DNA repair and epigenetic modulators, are 
being used in monotherapy or in combinations.

Despite these promising developments, the identi-
fication of specific and reliable biomarkers capable of 
predicting treatment response remains a significant 
challenge. Certain indicators, such as PD-L1 status [1], 
tumor mutational burden [2], and mismatch repair defi-
ciency [3], offer partial predictive value for responses to 
immune checkpoint inhibitors. Additionally, the pres-
ence of specific targetable alterations, occurring in genes 
such as ALK, BRAF, EGFR, MET, NTRK, RET and ROS1, 
serves as a reliable predictor of response to kinase inhibi-
tors. Nevertheless, responses to these inhibitors, while 

often prolonged, eventually give way to disease progres-
sion due to acquired resistance mechanisms. Presently, 
some of these multidimensional resistance mechanisms 
have been elucidated, paving the way for more tailored 
therapeutic approaches. As novel cancer treatments 
continue to be developed and investigated in clinical tri-
als, it is essential to devise research strategies to system-
atically investigate new resistance mechanisms to cancer 
therapies.

The lack of relevant and aggressive models is a major 
obstacle for the development of new therapeutics. In this 
context, in  vitro models are not the most suitable due 
to the impossibility to reflect physiological proprieties, 
particularly in terms of pharmacokinetics. Conversely, 
patient-derived xenografts (PDX), consisting of fresh 
patients’ tumor tissue grafted into immunocompromised 
mice, have shown their ability to recapitulate the main 
characteristics of their originated tumors. PDX maintain 
cancer stromal components and architecture as well as 
cellular heterogeneity [4–7] and are therefore candidates 
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of choice for personalized medicine [8–11]. PDX mod-
els are not only essential to deepen our understanding 
of acquired resistance mechanisms to therapies, but also 
to identify and validate overcoming strategies by testing 
novel molecules or combination strategies [12–14].

The prospective MATCH-R study (NCT02517892) [15] 
was specifically designed to discover acquired resistance 
mechanisms in patients with solid tumors treated with 
innovative therapies and to build a PDX preclinical plat-
form allowing the development of a wide collection of 
unique models crucial for the development of new ther-
apeutic strategies. We analyzed in the present study the 
output of this large repeated biopsy clinical trial for iden-
tification of molecular mechanisms of resistance as well 
as PDX relevancy with a special focus on the targeted 
therapy cohort of patients.

Materials and methods
Study design and procedure
The MATCH-R clinical trial (NCT02517892) was a 
monocentric, prospective study conducted between 
2015 and 2022 and led by Gustave Roussy. The trial’s 
primary objective was to investigate how tumors evolve 
in patients in response to various anticancer treatments 
such as chemotherapy, endocrine therapy, monoclonal 
antibodies, tyrosine kinase inhibitors, and immunother-
apy. Additionally, the trial aimed to identify new mecha-
nisms of resistance to anticancer agents and develop PDX 
to model these resistances in vivo. The endpoints of the 
trial included genotyping the molecular alterations asso-
ciated with resistance and comparing the molecular pro-
files of patients before treatment and at the progression 
of anticancer therapies potentially leading to treatment 
tailoring. Each individual genomic report was reviewed 
and discussed within a multidisciplinary tumor board to 
evaluate the presence of actionable therapeutics targets, 
based on ESCAT classification. The key inclusion criteria 
included the following: (1) Patients affiliated to a social 
security regimen; (2) Patients scheduled to receive anti-
cancer agents or currently receiving anticancer agents; (3) 
Tumor lesion accessible to core biopsies; (4) Patients who 
were fully informed, able to comply with the protocol 
and who signed the informed consent. This protocol was 
approved by the CPP (“Comité de protection des person-
nes”) and by the ANSM (“Agence nationale de sécurité 
du médicament et des produits de santé”) and adhered to 
the principles in the Guideline for Good Clinical Practice 
and the Declaration of Helsinki. Written informed con-
sent was obtained from all patients included in this study.

Molecular profiling
After signed consent, the patient underwent a 
biopsy or a tumor resection stored as formalin-fixed 

paraffin-embedded (FFPE) and fresh frozen (FF) samples. 
From FF samples, a molecular profiling analysis was con-
ducted for samples with a tumor content exceeding 10%, 
as evaluated by a senior pathologist on a hematoxylin and 
eosin slide. Tumor DNA and RNA were extracted using 
the AllPrep DNA/RNA Mini Kit (Qiagen), and germline 
DNA was extracted using the Maxwell® RSC Blood DNA 
Kit (Promega, Charbonnières-Les-Bains, France).

When the tumor content ranged from 10 to 30%, a 
targeted next-generation sequencing (NGS) analysis 
was performed using the customized MOSC4 panel 
(Ion AmpliSeq custom design, ThermoFisher Scientific, 
Illkirch, France). This panel was specifically designed 
to encompass 82 genes associated with cancer. For the 
final patients included in the trial, the Oncomine Com-
prehensive Assay v3 (ThermoFisher Scientific, Illkirch, 
France) was utilized, which covers 161 genes and allow 
for the detection of single nucleotide variation, copy 
number variations and gene fusions. The bioinformat-
ics analysis of the sequencing data was carried out using 
TorrentSuite software and variantCaller (ThermoFisher 
Scientific, Illkirch, France). The median coverage depth 
on retained variants is over 700 reads, offering a sensitiv-
ity down to 5% of variant allelic frequency.

For biopsies with a tumor content exceeding 30%, 
whole exome sequencing (WES) and RNA sequenc-
ing (RNAseq) were conducted. These sequencing 
methods utilized different capture kits to adapt to tech-
nological advancements, such as SureSelect Clinical 
Research Exome V2 and V6 kits from Agilent Technolo-
gies followed by Exome 2.0 kit from Twist Biosciences. 
These high throughput analyses were applied to the fro-
zen patient tumors and the PDX.

The pathogenicity of the variants was determined using 
the ACMG variant classification [16].

The OncoKB classification was used to determine 
whether an alteration was actionable [17, 18].

Development of patients‑derived xenografts (PDX)
All animal procedures and studies were performed in 
accordance with the approved guidelines for animal 
experimentation by the ethics committee at University 
Paris Saclay (CEEA 26, Project 2014_055_2790) following 
the regulations set by the European Union. The animals 
were housed in pathogen-free conditions and provided 
unlimited food and water access. To establish the tumor 
models, fresh tumor fragments were implanted beneath 
the renal capsule [19] of 6 to 8-week-old male NOD 
scid gamma (NSG) mice obtained from Charles River 
Laboratories within 1 to 12  h after the patient biopsy. 
Subsequently, the xenografts were serially propagated 
subcutaneously from one mouse to another for up to five 
passages. In the frame of a collaboration with XenTech 
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company, selective pressure was applied to selected PDX 
using the inhibitor to which the patient had developed 
resistance to validate its pharmacological status. All PDX 
generated are listed with their molecular and clinical 
associated data on the following web page https:// pdx. 
gusta verou ssy. fr (Supplementary File 1).

In vivo drug response studies
PDXs were subcutaneously grafted (1 graft per mouse) 
into either nude or NSG mice. The grafts were allowed 
to grow until the tumor volume reached a size ranging 
of 80–200 mm3. Subsequently the mice were randomly 
assigned to either the treatment groups or the vehi-
cle group. To monitor the progression of the tumors, 
their volume was measured twice weekly using calipers 
throughout the treatment period.

Statistical analyses
R statistical software was used; Sankey diagram was cre-
ated using the function sankeyNetwork available in the 
networkD3 package (version 0.4) and the violin plot was 
created using the ggstatsplot function (version 0.9.5).

Oncoprint was drawn using the cBioPortal online tool 
[20, 21].

Data availability
All the WES/RNAseq raw data files from patient’s sam-
ples and PDX models included in this study are deposited 
at the European Genome–phenome Archive (EGA) using 
the accession code EGAD50000000697 (Supplementary 
Table  1).  Access to this shared dataset is controlled by 
the institutional Data Access Committee, and requests 
for access can be sent to the corresponding author. Fur-
ther information about EGA can be found at https:// 
ega- archi ve. org/. Any additional information required 
to reanalyze the data reported in this article is avail-
able upon request by filling out the data request form 
for Gustave Roussy clinical trials at https:// redcap. link/ 
DataR eques tClin icalT rials Gusta veRou ssy. The steering 
committee and the sponsor will review the requests on 
a case-by-case basis. In case of approval, a specific agree-
ment between the sponsor and the researcher may be 
required for data transfer.

Results
Study flow and patient population
The study flow is illustrated in Fig.  1A. From January 
2015 to December 2022, a total of 1,120 biopsies were 
performed on 857 patients, with 220 patients (25.7%) 
undergoing a second biopsy, 38 (4.4%) a third biopsy, 
4 (0.5%) a fourth, and one patient having a fifth biopsy. 
The repeated biopsies were mainly performed due to 

treatment progression, insufficient material, or unsuc-
cessful tumor sequencing.

The median age of the 857 patients was 63.3  years 
(interquartile range: 54.7–70.5). The majority of the 
patients were male, accounting for 56.0% (n = 480/857) of 
the cohort. The five most prevalent cancer types within 
this cohort were lung cancers (38.9%; n = 333/857), 
digestive cancers (16.3%; n = 140/857), prostate cancers 
(14.1%; n = 121/857), genito-urinary cancers outside of 
the prostate (10.0%; n = 86/857) and gynecological can-
cers (5.8%; n = 50/857). In terms of treatment regimen, 
30.9% (n = 265/857) of the patients received targeted 
therapy, 19.3% (n = 165/857) received immunotherapy, 
14.1% (n = 121/857) received endocrine therapy [22, 23] 
and 35.7% (306/857) received another type of treatment 
(such as conventional cytotoxic chemotherapy) (Table 1 
and Supplementary Table 1).

Genomic landscape of the MATCH‑R patients
Overall, out of 857 patients, molecular analysis was not 
feasible for 254 (29.6%) due to low tumor content (TC) 
(< 10%) or insufficient DNA and/or RNA. A total of 812 
biopsies with adequate TC (> 10%) were collected from 
these patients, and molecular profiling was conducted on 
this subset. Specifically, 520 (64.0%) biopsies underwent 
both WES and RNAseq, 164 (20.2%) were analyzed using 
WES only, 106 (13.1%) using a targeted NGS panel due 
to low TC (ranging from 10 to 30%), and 22 (2.7%) using 
RNAseq only. Additionally, 341 (41.4%) of these biopsies 
were implanted in mice, resulting in 136 (16.5%) PDX 
models generated (Fig. 1A).

Focusing on the 661 molecular profiling performed 
on the first biopsy, at the time of inclusion in the clinical 
trial, at least one pathogenic alteration was identified for 
563 (84.3%) of these biopsies. In total, 1384 pathogenic 
alterations were identified, 1294 (93.5%) single nucleotide 
variations, 64 (4.6%) focal copy number alterations, and 
26 (1.9%) fusion transcripts. Among the genes mutated 
in at least 10 patients in this pan-cancer cohort, the 
five most affected were TP53 (63%), KRAS (21%), EGFR 
(10%), PIK3CA (10%) and ARID1A (9%) (Fig. 1B).

Furthermore, at least one actionable alteration was 
identified in 357 (53.4%) out of the 661 first biopsies per-
formed. When considering the OncoKB actionability 
scale, 25% of these alterations were classified as level 1, 
4% as level 2, 6% as level 3 and 27% as level 4 (Fig. 1C).

Targeted therapy cohort and resistance mechanisms
Among the 857 patients who underwent a biopsy, 265 
(30.9%) were known to harbor a molecular cancer driver 
either through molecular profiling conducted as part 
of the protocol or through standard molecular diagno-
sis. The five most common oncogenic driver alterations 

https://pdx.gustaveroussy.fr
https://pdx.gustaveroussy.fr
https://ega-archive.org/
https://ega-archive.org/
https://redcap.link/DataRequestClinicalTrialsGustaveRoussy
https://redcap.link/DataRequestClinicalTrialsGustaveRoussy
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were found in the genes EGFR, FGFR2/3, ALK, BRAF and 
KRAS (Fig. 2A). EGFR was the most prevalent gene, iden-
tified in 41.5% (n = 110/265) of the patients. All 110 EGFR 
mutations were identified in lung cancer patients. An 
FGFR2/3 alteration was detected in 15.5% (n = 41/265) of 
the patients. Among the 41 cases with FGFR2/3 altera-
tions, the majority, 51.2% (n = 21/41), originated from 
digestive cancer, followed by urothelial cancer 34.1% 

(n = 14/41), gynecological cancers 7.3% (n = 3/41), and 
2 from other types of cancer. ALK alterations were 
observed in 11.7% (n = 31/265) of the patients. The large 
majority, 90.3% (n = 28/31), of ALK alterations were iden-
tified in lung cancer patients, while one case each came 
from digestive cancer, sarcoma, and thyroid cancer. BRAF 
alterations were detected in 6.8% (n = 18/265) of the 
patients. The majority of these, 55.6% (n = 10/18), were 

Fig. 1 Global patient population. A. Study flow chart. B. Oncoprint depicting 1230 pathogenic alterations identified in the initial biopsy of 563 
patients, all of whom exhibited at least 1 pathogenic alteration. C. Frequency of the highest OncoKb alteration in each first biopsy
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found in lung cancer cases, followed by digestive cancers 
22.2% (n = 4/18), other cancers 16.7%, (n = 3/18), and 1 
case in urological cancer. Finally, KRAS mutations were 
identified in 5.7% (n = 15/265) of the patients. Among 
these KRAS mutations, the largest proportion 53.3% 
(n = 8/15) originated from digestive cancers, followed by 
lung cancer 33.3% (n = 5/15), and gynecological cancers 
13.3% (n = 2/15).

Subsequent repeated biopsies were used to investigate 
acquired resistance mechanisms. Out of 265 patients, 
175 (66.0%) underwent additional molecular profiling 
on biopsies collected after developing resistance to tar-
geted therapies. The resistance mechanism remained 
unidentified for 72 patients (41.1%). Among the patients 
with identified resistance mechanisms, 56 (32.0%) experi-
enced an on-target resistance mechanism, 44 (25.1%) had 
a by-pass resistance mechanism, and 3 patients had his-
tological transformation explaining the resistance to the 
targeted therapy (Fig. 2B). The molecular profiles of the 
44 patients with a by-pass resistance mechanism revealed 
the presence of 51 alterations. The most frequently 
altered genes among these patients were KRAS (13.7%, 
n = 7/51), PIK3CA (11.8%, n = 6/51), PTEN (11.8%, 
n = 6/51), NF2 (7.8%, n = 4/51), AKT1 (5.9%, n = 3/51), 
and NF1 (5.9%, n = 3/51) (Fig. 2C).

Table 1 Characteristics of the patients included in the MATCH-R 
trial

Patients with at least 
one biopsy (n = 857)

Age at inclusion Mean (SD) 61.8 (12.2)

Median (IQR) 63.3 (54.7—70.5)

Min—Max 22—93

Gender Male 480 (56.0%)

Female 377 (44.0%)

Primary tumor type Lung 333 (38.9%)

Digestive 140 (16.3%)

Prostate 121 (14.1%)

Urothelial 86 (10.0%)

Gynecological 50 (5.8%)

Other 34 (4.0%)

Hematological 28 (3.3%)

Head and neck 21 (2.5%)

Sarcoma 20 (2.3%)

Breast 16 (1.9%)

Skin 8 (0.9%)

Type of treatment 
received

Targeted therapy 265 (30.9%)

Immunotherapy 165 (19.3%)

Endocrine therapy 121 (14.1%)

Other 306 (35.7%)

Fig. 2 Targeted therapy cohort. A. Sankey diagram depicting the tumor type of origin of the 265 patients harboring a molecular driver and the 594 
patients without any molecular driver identified. B. Flow chart representing the resistance mechanisms identified in the 265 patients harboring 
a molecular driver. C. Pie chart depicting the by-pass resistance mechanisms identified in the 265 patients harboring a molecular driver
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EGFR
Among the 110 EGFR-mutated patients treated with a 
TKI, a molecular profile was performed at the time of 
progression in 70.0% (n = 77/110) of them.

The disease progression was experienced after first- 
or second-generation TKI for 24 patients (31.2%). In 
terms of baseline oncogenic driver, 14 patients (58.3%) 
harbored a deletion in exon 19, 8 patients (33.3%) car-
ried a p.(Leu858Arg) mutation, 1 patient had both 
p.(Leu858Arg) and p.(Thr790Met) mutations, and 1 had 
a p.(Gly719Ala) mutation.

Regarding the mechanisms of resistance observed in 
patients treated with first- or second-generation TKI, 14 
patients (58.3%) demonstrated an on-target resistance 
mechanism. As expected, the predominant mechanism 
was the presence of the p.(Thr790Met) mutation, which 
was found in 13 patients (92.9%). Additionally, 1 other 
on-target alterations was identified: p.(Arg776Cys). For 
10 patients (41.7%), the resistance mechanisms were not 
identified. Of note, no by-pass resistance mechanisms 
were identified in these patients (Fig. 3A).

Out of the 77 EGFR-mutated patient who received 
an EGFR TKI treatment and for whom a biopsy at pro-
gression was available, 53 (68.8%) experienced disease 

progression while being treated with the third-genera-
tion TKI osimertinib. Among these patients, the most 
prevalent oncogenic driver observed at baseline was the 
combination of deletion in exon 19 and p.(Thr790Met) 
mutation, which was present in 27 patients (50.9%). 
Other oncogenic drivers included: deletion in exon 19 
alone, observed in 10 patients (18.9%), p.(Leu858Arg) 
mutation observed in 5 patients (9.4%), combination of 
p.(Leu858Arg) and p.(Thr790Met) mutations observed 
in 6 patients (11.3%) and finally other drivers such 
as the combination of deletion in exon 19 and EGFR 
amplification (n = 2), the combination of p.(Glu709Ala) 
and p.(Gly719Ala) mutations, the combination of 
p.(Ser768Ile) and p.(Leu858Arg) mutations, and the 
presence of p.(Leu747Ser) mutation, were observed in 5 
patients (9.4%).

A mechanism of resistance to third-generation EGFR 
TKI was identified for 32 patients (60.4%) who were 
treated with osimertinib. For 20 patients (37.7%), a by-
pass mechanism was observed involving 25 genes. The 
most common by-pass mechanisms were PTEN with 4 
mutations, KRAS 3 mutations, PIK3CA 3 mutations, RET 
2 mutations, FGFR3 2 fusions and MET with 2 amplifica-
tions. An on-target resistance mechanism was observed 

Fig. 3 Resistance mechanisms in EGFR, FGFR2/3 and ALK driven patients. A & B. Sunburst charts representing the EGFR cohorts. The innermost 
layer depicts the baseline molecular driver and the identified resistance mechanism are presented in the outermost layer. C & D. Sunburst charts 
illustrating the FGFR2/3 cohorts. The innermost layer depicts the baseline molecular driver and the identified resistance mechanism are presented 
in the outermost layer. E. Sunburst chart representing the ALK cohort. The innermost layer depicts the baseline molecular driver and the identified 
resistance mechanism are presented in the outermost layer



Page 8 of 16Vasseur et al. Molecular Cancer          (2024) 23:221 

for 11 patients (20.8%). The most frequent mutation 
observed was EGFR:p.(Cys797Ser), which was seen in 9 
patients (81.8%). The EGFR:p.(Cys797Gly) mutation was 
observed in 1 patients and p.(Val843Ile) in 1 patient. A 
histological transformation from non-small cell lung can-
cer to small cell lung cancer was observed in 1 patient. 
Finally, for 20 (37.7%) patients, no molecular mechanisms 
explaining the resistance were observed (Fig. 3B).

FGFR2/3
Among the 41 patients with FGFR2/3 alterations, a 
molecular profiling performed at progression in the 
MATCH-R clinical trial was available for 32 of them 
(78.0%).

The baseline oncogenic driver was a FGFR2 fusion for 
15 of these patients (46.9%) mainly involving cholangio-
carcinoma patients. The most frequent fusion partner 
of FGFR2 was BICC1 observed in 3 patients, followed 
by STRN4 (n = 2/21) in 2 patients. Other FGFR2 part-
ners included CCSER2, DIP2C, ERC1, FAM160B1, INA, 
MITF, PAWR, PXN, and WDHD1. Regarding FGFR2 
mutations, FGFR2:p.(Cys382Arg) was identified in two 
patients (Fig.  3C). Additionally, the baseline oncogenic 
driver alteration was a FGFR3 mutation for 15 patients 
(46.9%), mainly suffering from urothelial cancer, with 11 
patients (34.4%) presenting with a FGFR3:p.(Ser249Cys) 
mutation, 3 patients (9.4%) harboring a FGFR3:p.(Tyr-
373Cys) and 1 patient with a FGFR3:p.(Arg248Cys) 
mutation (Fig. 3D).

In terms of resistance mechanisms to FGFR2 or FGFR3 
inhibitors (erdafitinib, futibatinib or pemigatinib), an on-
target mechanism was identified in 15 patients (46.9%). 
These on-target mechanisms were monoclonal for 11 of 
these patients (68.8%, n = 11/16). By-pass mechanisms 
were observed in 7 patients (21.9%) and occurred in dif-
ferent genes such as EGFR, NF1, PIK3CA, NF2 or MSH6. 
Lastly, no resistance mechanism was identified for 10 
patients (31.3%).

ALK (Fig. 3E)
A molecular profiling performed in the context of the 
MATCH-R clinical trial was available for 21 out of the 
31 patients (67.7%) known to harbor an ALK molecu-
lar driver. Among these patients, ALK systematically 
involved fusion events, with EML4 emerging as the 
predominant fusion partner, observed in 11 patients 
(52.4%). Additionally, there were unique fusion occur-
rences involving CLTC and STRN in individual patients. 
The fusion partner of ALK remained unidentified for 8 
patients (38.1%).

Regarding the resistance, an on-target mechanism 
was identified in 9 patients (42.9%) which was a unique 

mutation for 6 of them (66.7%). A by-pass resistance 
mechanism was identified in 2 patients involving NF2 in 
both cases. One histological transformation from non-
small cell lung cancer to small cell lung cancer was also 
identified. Finally, the resistance mechanism to the ALK 
inhibitor remained unidentified for 9 patients (42.9%).

Treatment orientation based on molecular profiling
Overall, out of the 100 patients who received a targeted 
therapy and developed either an on-target or a by-pass 
resistance mechanism, treatment adaptation based on 
molecular profiling was implemented for 45 (45.0%) of 
them. Among the 56 patients with an on-target resistance 
mechanism, a new line of treatment was proposed for 34 
of them (60.7%). Similarly, out of the 44 patients with a 
by-pass resistance mechanism, a new line of treatment 
was proposed for 11 patients (25.0%).

The best response observed to the new line of treat-
ment could be assessed for 29 (64.4%) patients. Among 
these patients, 11 (37.9%) had a stable disease, 11 (37.9%) 
had a partial response, 6 (20.7%) had a progressive dis-
ease. Additionally, one patient achieved a complete 
response.

The median duration of treatment was 11  months 
(ranging from 0 to 101 months) and the main reason for 
stopping the adapted treatment was progressive disease, 
identified in 23 out of 29 patients (79.3%) overall.

Among the 29 patients who had an evaluable response 
to the new line of treatment, 20 patients (69.0%), were 
diagnosed with an EGFR-driven cancer. Fourteen (70.0%) 
of them were initially treated by a first- or a second-
generation EGFR TKI and all developed an on-target 
resistance involving the EGFR:p.(Thr790Met) mutation. 
Switching to a third-generation EGFR TKI appeared 
to be effective in overcoming this identified resistance 
mechanism. The median duration of treatment with 
this new line was 18  months, with some patients still 
on osimertinib for 78, 87, and even 101 months. On the 
other hand, resistance to third-generation TKI primar-
ily involved by-pass resistance mechanisms (in 5 out of 6 
patients) occurring in HER2, MET, KRAS, ALK and NF1. 
The treatment duration of the new line of treatment was 
shorter when compared to resistance to first or second 
generation TKIs with a median duration of 2 months.

For the four ALK-driven patients who had an evaluable 
clinical response to the adapted treatment, the median 
duration of treatment was 15  months and for the three 
FGFR2/3 patients the median was 11 months.

However, a few patients with on-target resistance 
mutations did not respond to next-generation thera-
pies specifically designed to target those alterations. 
For example, patients MR396 and MR475 experienced 
rapid disease progression (1 and 6 months, respectively) 
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despite treatment with osimertinib targeting the EGFR:p.
(Thr790Met) mutation. Similarly, patient MR517 who 
harbored the ROS1:p.(Gly2032Arg) resistance muta-
tion to lorlatinib, failed to respond to reprotectinib, with 
progression occurring within 2 months. Patient MR439, 
treated with brigatinib for the ALK:p.(Gly1269Ala) 
mutation showed disease progression within only a few 
days. Conversely, some patients demonstrated pro-
longed responses with single-agent therapies instead of 

combination, targeting exclusively the resistance mecha-
nism. For instance, patient MR12 responded to erlotinib 
for 43 months after developing the EGFR:p.(Leu861Arg) 
mutation, which emerged following progression on a 
first-line MET inhibitor (Table 2).

PDX establishment
Out of the 341 biopsies grafted in mice, 136 patients-
derived xenograft (PDX) models were successfully 

Table 2 Treatment orientation based on molecular profiling

ID Gene Molecular driver Last treatment Resistance 
mechanism

Treatment 
adapted

Best response Cause of end of 
treatment

Duration (m)

448 ALK EML4::ALK Alectinib ALK G1202R + ALK 
T1151M

Brigatinib PR PD 10

1001 ALK ALK Fusion 
Unknown partner

Alectinib ALK G1202R Lorlatinib PR PD 28

1188 ALK EML4::ALK Alectinib ALK V1180L Lorlatinib PR PD 20

439 ALK EML4::ALK Lorlatinib ALK G1269A Brigatinib PD PD 0

157 EGFR del19 Afatinib EGFR T790M Osimertinib + Neci-
tumumab

PR PD 11

376 EGFR del19 Afatinib EGFR T790M Osimertinib PR PD 26

16 EGFR del19 Erlotinib EGFR T790M + PTEN 
MUT

Osimertinib PR Ongoing 101

129 EGFR del19 Erlotinib EGFR T790M Osimertinib CR Ongoing 87

222 EGFR del19 Erlotinib EGFR T790M Osimertinib PR Ongoing 78

296 EGFR L858R Erlotinib EGFR T790M Osimertinib PR PD 18

387 EGFR del19 Erlotinib EGFR T790M + EGFR 
V769M

Osimertinib SD PD 13

396 EGFR del19 Erlotinib EGFR T790M Osimertinib PD PD 1

436 EGFR L858R Erlotinib EGFR R776C Osimertinib SD PD 18

445 EGFR del19 Erlotinib EGFR T790M Osimertinib SD PD 16

475 EGFR del19 Erlotinib EGFR T790M Osimertinib PD PD 6

8 EGFR L858R Gefitinib EGFR T790M Osimertinib SD Ongoing 46

22 EGFR del19 Gefitinib EGFR T790M Osimertinib PR PD 58

303 EGFR del19 Gefitinib EGFR T790M Osimertinib PR PD 12

1 EGFR del19 + T790M Osimertinib HER2 AMP Paclitaxel + Trastu-
zumab

SD Toxicity 2

7 EGFR L858R + T790M Osimertinib MET AMP TED11449 (MET 
inhibitor)

SD PD 1

69 EGFR del19 + T790M Osimertinib KRAS MUT + MET 
AMP

MET inhibitor + Erlo-
tinib

SD PD 2

240 EGFR del19 + T790M Osimertinib STRN::ALK Brigatinib SD PD 5

258 EGFR L858R + T790M Osimertinib EGFR V843I Afatinib SD lost at follow up 6

330 EGFR del19 + T790M Osimertinib NF1 MUT ERK inhibitor + BRAF 
inhibitor

PD PD 0

248 FGFR Y373C Erdafitinib MSH6 MUT ICOS + PD1 inhibitor PR PD 24

345 FGFR FGFR2::BICC1 Futibatinib polyclonal FGFR2 
MUT + TSC1 MUT

Everolimus SD PD 10

422 FGFR FGFR2::PXN Pemigatinib polyclonal FGFR 
MUT + PIK3CA MUT

Everolimus SD PD 11

12 MET splice exon 14 Crizotinib EGFR L861R Erlotinib PD PD 43

517 ROS1 CD74::ROS1 Lorlatinib ROS1 G2032R Repotrectinib PD PD 2
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established, reaching an overall success rate of 39.9% 
(n = 136/341) (Fig.  4) (https:// pdx. gusta verou ssy. fr). The 
success rates of tumor engraftment varied by pathol-
ogy, with bladder cancer achieving an 80.0% (n = 12/15) 
success rate, followed by pancreas at 71.4% (n = 10/14), 
gynecological at 61.5% (n = 8/13), head and neck at 
60.0% (n = 9/15), non-small cell lung cancer at 37.3% 
(n = 60/161), cholangiocarcinoma at 36.7% (n = 11/30), 
and prostate at 26.5% (n = 18/68) (Supplementary 
Fig.  1A). Notably, the success rate of engraftment 
appeared to be positively associated with the tumor cell 
content of the other biopsies collected simultaneously for 
sequencing (Supplementary Fig. 1B).

Regarding the targeted therapy cohort, 31 PDX mod-
els were available from EGFR patients, 26 from FGFR2/3 
patients (14 with FGFR2 fusion, eight with FGFR3:p.
(Ser249Cys), three  with FGFR3:p.(Tyr373Cys), and 

one  with FGFR2:p.(Arg248Cys)), 16 from ALK patients, 
15 from KRAS patients, and 6 from BRAF patients. The 
global take rate of the PDX models from tumors har-
boring an oncogenic molecular driver was 44.3%, with 
variations among the different drivers: KRAS (62.1%), 
BRAF (46.2%), FGFR2/3 (44.8%), EGFR (39.7%) and ALK 
(39.5%) (Supplementary Fig. 1C).

PDX with resistance to targeted therapies available
The high value of the PDX models generated lies in the 
fact that most of them originate from tumors collected 
at the time of acquired resistance in patients. After first- 
second-generation EGFR inhibitors, we generated four 
PDX models with on-target resistance mechanisms, 
including three models carrying an EGFR:p.(Thr790Met) 
mutation, and one model with an EGFR:p.(Arg776Cys) 
mutation. Additionally, among the 25 models established 

Fig. 4 PDX models available. Illustration of the PDX developed based on the molecular driver and the targeted therapy that led to acquired 
resistance

https://pdx.gustaveroussy.fr
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post-osimertinib, resistant models harbored on-target 
resistance, four had an EGFR:p.(Cys797Ser) mutation, 
and one an EGFR:p.(Cys797Gly) mutation. In contrast 
to the models obtained after first- second-generation 
inhibitors, we acquired PDX models that developed by-
pass pathway resistance to osimertinib. Three showed a 
PIK3CA mutation PIK3CA:p.(Asn545Lys)  or PIK3CA:p.
(Arg108His), two had a fusion FGFR3::TACC3  or 
STRN::ALK), two displayed a MET amplification, and one 
exhibited a NRAS mutation NRAS:p.(Gln61Leu).

In terms of resistant models to FGFR2/3 TKI, PDX 
models were available for nine patients with a FGFR2 
fusion, five with a FGFR3:p.(Ser249Cys) mutation, two 
harboring a FGFR3:p(Tyr373Cys) mutation, and one 
each harboring FGFR2:p.(Cys382Arg) and FGFR3:p.
(Arg248Cys) mutations. Among these models, seven 
harbored on-target resistance mutations  FGFR2:p.(Asn-
549Lys), FGFR2:p.(Asp650His), FGFR2:p.(Val565Phe), 
FGFR2:p.(Val564Leu), FGFR3:p.(Val754Met), four were 
established from patients presenting by-pass resistance 
mechanisms (PTEN, EGFR, NF1, PIK3CA), two PDX 
models from the same patient with an MSI profile pre-
sented multiple by-pass resistance mechanisms, and 
three models had unknown resistance mechanisms.

Resistant PDX models to ALK/ROS1 inhibitors, were 
available for eight patients with an EML4::ALK fusion, 
one patient with a  CD74::ROS1 fusion, and one patient 
harboring a STRN::ALK fusion. Among these mod-
els, five harbored a single on-target resistance muta-
tion ALK:p.(Gly1202Arg), ALK:p.(Val1180Leu), ALK:p.
(Phe1174Leu),  or ALK:p.(Leu1196Met), and one PDX 
model carried two on-target resistance mutations ALK:p.
(Gly1202Arg) + ALK:p.(Thr1151Met). Moreover, two 
PDX  models were established from patients presenting 
by-pass resistance  mechanisms, NF2 skipping of exon 
10 + NF2:p.(Lys543Asn) and NF1:p.(Lys1385Arg) and 
four models had unknown resistance mechanisms.

In addition to the previously mentioned results related 
to EGFR, FGFR2/3, and ALK, our team has successfully 
developed numerous PDX models that exhibit acquired 
resistance to targeted therapies (Fig. 4). As the develop-
ment of KRAS inhibitors targeting the KRAS:p.(Gly-
12Cys) and KRAS:p.(Gly12Asp) mutations has more 
recently become a new challenge in the clinic in our 
KRAS cohort, we successfully developed 15 PDX mod-
els, including nine with the KRAS:p.(Gly12Cys) muta-
tion and six with the KRAS:p.(Gly12Asp) mutation. 
Among these PDX models, four came from patients who 
acquired resistance to KRAS inhibitors. For two PDX 
models, by-pass resistance mechanisms were identified, 
involving a PIK3CA:p.(Glu545Lys) mutation and multi-
ple gene amplifications. Furthermore, we have success-
fully established eight PDX models that exhibit resistance 

to various targeted therapies, including BET inhibitors, 
everolimus, EED inhibitors, NOTCH1 inhibitors, and 
HER2 inhibitors. Importantly, our research efforts have 
resulted in the development of PDX models derived from 
patients who have experienced resistance to PARP inhibi-
tors such as olaparib, niraparib or rucaparib, ATR inhibi-
tors such as ceralasertib, as well as to MAPK pathway 
inhibitors like vemurafenib, dabrafenib, or trametinib, 
and to NTRK inhibitors.

PDX closely reproduce patient’s tumor
As expected, the PDX models closely resembled the 
genetic tumors found in patients. In this study, when 
comparing pathogenic alterations, the mean concord-
ance between the PDX models and the patients’ tumors 
reached 75.3% overall. When looking into details, the 
mean concordance was 100% for NTRK and HER2 mod-
els. The mean concordance was also notably high for ALK 
(90.0%), KRAS (82.0%), EGFR (81.0%), FGFR2/3 (81.0%), 
and BRAF models (72.0%) as depicted by Supplementary 
Fig. 2 and Supplementary Table 2.

For 40% (n = 55/136) of PDX models, in the frame of 
a collaboration with XenTech company, selective pres-
sure was applied to the mice using the inhibitor to which 
the patient had developed resistance to validate its phar-
macological status. Globally 84% (n = 46/55) of the PDX 
reproduced the pharmacological status of the patient’s 
tumor.

For example, PDX models MR7 and MR441-R, which 
exhibit resistance mechanisms involving MET ampli-
fication and the acquisition of EGFR:p.(Cys797Ser) 
respectively, both demonstrate resistance to osimertinib 
treatment (Fig. 5A). Within the PDX models of ALK-pos-
itive patients, PDX model MR619 displayed resistance 
to alectinib, consistent with the patient’s clinical resist-
ance profile marked by the acquisition of a secondary 
mutation, ALK:p.(Gly1202Arg) (Fig.  5B). Another  PDX 
model, MR448-RE, exhibited lorlatinib resistance and 
retained the compound mutations, ALK:p.(Gly1202Arg) 
and ALK:p.(Thr1151Met) (Fig. 5B).

MR86-PD PDX model, treated with erdafitinib, 
revealed a PIK3CA mutation PIK3CA:p.(Glu545Lys) 
upon resistance analysis. This indicated a by-pass path-
way resistance mechanism, confirmed by subsequent 
treatment response in the PDX model, not observed 
in PDX models obtained from stable disease sites 
(Fig.  5C). Patients MR313 and MR369 developed pemi-
gatinib resistance due to secondary mutations FGFR2:p.
(Asp650His) and FGFR2:p.(Val565Leu), respectively, 
with corresponding PDX models exhibiting pemigatinib 
resistance (Fig. 5D).



Page 12 of 16Vasseur et al. Molecular Cancer          (2024) 23:221 

Overcoming strategies investigated in PDX models
The use of PDX models serves as a valuable and com-
plementary approach in enhancing our understanding 
of resistance mechanisms and enables us to evaluate the 
efficacy of therapeutic combinations to overcome such 
resistance. Notably, we have conducted successful valida-
tions in four instances, demonstrating that combination 
therapy can effectively overcome resistance:

– Case 1: MR240 (Supplementary Fig. 3A).

 After 22  months of osimertinib treatment, patient 
MR240 developed STRN::ALK fusion-induced resist-
ance. To explore alternatives, we tested alectinib and 
osimertinib combination efficacy using PDX models, 
revealing a robust response [14].

– Case 2: MR135 (Supplementary Fig. 3B).
 Double-hit alteration involving NF2 caused lorlatinib 

resistance in patient MR135. Investigating resistance 
mechanisms, we found that combining mTOR inhib-
itor vistusertib with lorlatinib in PDX models effec-
tively overcame the resistance [13].

– Case 3 and 4: MR15 and MR86 (Supplementary 
Fig. 3C and 3D).

 Identifying by-pass pathways during erdafitinib 
treatment, MR15 model exhibited increased EGFR 
phosphorylation, while MR86 had a PIK3CA:p.
(Glu545Lys) mutation. Targeting these abnormalities, 
we combined erdafitinib with gefitinib for MR15 and 
with PIK3CA inhibitor pictilisib for MR86, proving 
the efficacy of these tailored therapeutic combina-
tions in both cases [12].

PDX models have also proven invaluable for assess-
ing the efficacy of next-generation TKIs in overcom-
ing resistance associated with secondary kinase domain 
mutations from previous generations. For instance, we 
recently demonstrated that the irreversible FGFR2-
selective inhibitor lirafugratinib exhibited significant 
potency against PDXs established from biopsies of chol-
angiocarcinoma patients. These biopsies were collected 
at the onset of acquired resistance to reversible FGFR 
inhibitors and contained resistant secondary muta-
tions, specifically FGFR2:p.(Asn549Asp) (Supplementary 
Fig.  3E),  FGFR2:p.(Asp650His) (Supplementary Fig.  3F) 
and FGFR2:p.(Asn549Asp) (Supplementary Fig. 3G) [24].

Similarly, the latest generation ALK TKI, NVL-655, dem-
onstrated remarkable activity against MR448re PDX that 
was established following resistance to lorlatinib due to 

Fig. 5 Pharmacological status of PDX models. In vivo pharmacological evaluation was performed by measuring the tumor volume 
in vehicle-treated and TKI-treated mice for: A. Two EGFR-resistant PDX models (MR7 and MR441) treated with 25 mg/kg of Osimertinib and vehicle. 
B. Two ALK-resistant PDX models (MR619, from cholangiocarcinoma, and MR448re, from lung) treated with 50 mg/kg of Alectinib and 20 mg/kg 
of Lorlatinib, respectively. C. Two FGFR3 bladder PDX models from the same patient: one from a biopsy in a stable disease site (MR86-SD) and one 
from a resistant disease site (MR86-PD), treated with 15 mg/kg of erdafitinib and vehicle. D. Two FGFR2-resistant cholangiocarcinoma PDX models 
(MR313 and MR369) treated with 1 mg/kg of Pemigatinib or vehicle
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compound ALK mutations ALK:p.(Gly1202Arg) + ALK:p.
(Thr1151Met) (Supplementary Fig. 3H) [25].

Discussion
Advances in molecular profiling of tumors have revo-
lutionized cancer treatment by allowing personalized 
treatment based on the unique characteristics of each 
patient’s cancer. Several prospective studies have explored 
the feasibility of using real-time molecular findings to 
guide individualized treatment approaches. For instance, 
the BATTLE trial was the first biomarker-based study 
that required biopsies and demonstrated the feasibility 
of selecting personalized treatment based on molecular 
biomarkers, resulting in a disease control rate of 46% in 
chemoresistant NSCLC patients after 8 weeks [26]. In the 
MOSCATO-01 trial, heavily pre-treated patients achieved 
a clinical benefit to targeted therapies in 33% of cases, 
with treatment assignments based on tumor molecular 
profiling [27]. The WINTHER trial revealed a disease con-
trol rate of 26.2% when DNA sequencing or RNA expres-
sion was used to determine therapy in patients with colon, 
head and neck, and lung cancers [28].

The MATCH-R study broadens the scope by pro-
viding insights into acquired resistance mechanisms 
across diverse cancer types but also by adjusting the 
treatment strategy based on repeated molecular pro-
filing of tumors once resistance occurs. By utilizing 
high-throughput sequencing techniques like WES and 
RNAseq, the study successfully identified a molecular 
resistance mechanism in 57.1% (n = 100/175) of patients 
undergoing targeted therapies. These results highlight 
the importance in clinical practice of performing re-
biopsy in patients at each radiological progression when 
feasible. The strength of the MATCH-R clinical trial lies 
in the integration of these molecular analyses with com-
prehensive discussions held during molecular tumor 
board meetings, allowing for informed consideration of 
treatment options. Consequently, a new line of biology 
guided treatment was proposed for 45.0% (n = 45/100) 
of patients with progressive disease. This percentage 
is comparable to the 49% observed in the I-PREDICT 
study, which explored the feasibility of selecting a cus-
tomized multidrug regimen upon the identification of 
multiple molecular alterations through DNA sequenc-
ing [29]. However, in some cases, despite the new line 
of treatment being specifically designed to target the 
identified resistance mechanism, no or short clinical 
response was observed. This lack of response may be 
due to the presence of subclonal populations that were 
missed by the molecular analysis of the tissue sample, 
likely as a result of tumor heterogeneity [30], or to alter-
native resistance mechanisms like epigenetic modifica-
tions not detectable by standard genetic analysis [31].

Looking into details of the resistance mechanisms iden-
tified, our data suggests that 25.1% (n = 44/175) of patients 
treated with targeted therapies will develop a by-pass 
resistance mechanism. One of the challenges in clinical 
practice is the development of new therapeutic strategies 
to effectively treat these patients. One suggested approach 
is to combine drugs that are already used in monotherapy. 
Combinations of targeted therapies have already demon-
strated significant success, such as the combination of a 
BRAF inhibitor and MEK inhibitor in BRAF:p.(Val600Glu) 
mutated melanoma [32]. The data obtained from our PDX 
models indicate the potential efficacy of combining a ther-
apy targeting the original oncogenic driver with another 
therapy targeting the by-pass mechanism. Previous studies 
[12–14, 33–36] have also demonstrated the utility of PDX 
models in testing these combinations. However, the chal-
lenge in clinical practice will be to manage the toxicities 
encountered and determine synergistic doses with mini-
mal side effects between the compounds. PDX models can 
assist in pharmacokinetic/pharmacodynamics studies to 
validate the minimum doses required to achieve a tumor 
effect. Our PDX models have shown a mean similarity of 
75.3% in terms of pathogenic driver, aligning closely with 
the 75.0% observed in another comprehensive pan cancer 
study focused specifically on PDX models [9]. Our exten-
sive collection of PDX models will serve as a valuable pre-
clinical tool for identifying crucial mechanisms that drive 
acquired resistance to current targeted therapies. Moreo-
ver, they offer opportunities for developing innovative 
strategies to overcome or preempt treatment failure. Cur-
rently, other therapeutic strategies, such as bi-specific anti-
bodies, will enable us to simultaneously target the original 
oncogenic driver and the by-pass resistance mechanism. 
For instance, the use of amivantamab, a bispecific anti-
body targeting EGFR and MET [37], offers a promising 
approach to address this new clinical need.

One limitation of this study is that biopsy samples 
were not obtainable for 230 patients. However, an alter-
native approach could be the utilization of NGS on cir-
culating tumor DNA (ctDNA). This method has already 
demonstrated clinical utility in capturing actionable 
alterations [38] and identifying resistance mechanisms 
to targeted therapies. A recent study reported a resist-
ance mechanism in 34% of patients treated with tar-
geted therapy using ctDNA-based NGS [39].

Another limitation of our study is the selection 
of patients for inclusion but also for PDX develop-
ment that were impacted by investigator’s interest and 
the representation of tumor types does not therefore 
recapitulate the general cancer patient population. 
Similarly, the availability of therapies impacted on the 
number of driver genes represented in this study. For 
instance, the low percentage of KRAS mutations in 
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our cohort relies on the unavailability of KRAS inhibi-
tor at the time of patient inclusions (starting in 2015) 
and a rate closer to real incidence would be obtained if 
the study would be conducted now that several KRAS 
inhibitors are in clinical trials.

Finally, a deep characterization of the heterogeneity 
of cancer cell populations as well as microenvironment 
changes over the treatment courses were not feasible in 
MATCH-R using bulk sequencing of patient samples. 
Gustave Roussy recently implemented the UNLOCK 
program that will go a step forward into the longitudi-
nal evolution of cancer during innovative treatments 
by performing single cell sequencing and spatial tran-
scriptomics to better integrate these aspects in acquired 
resistance.

The MATCH-R study has facilitated advancements in 
the era of personalized medicine for multiple reasons. 
Firstly, it has served as an invaluable resource for scien-
tists and clinicians by providing relevant samples from 
patients who have developed acquired resistance. For 
instance, specific studies have focused on resistance to 
androgen receptor inhibitors in prostate cancer [22, 23], 
and a novel predictive biomarker of immune-checkpoint 
blockade resistance called LIF has been discovered [40]. 
Additionally, the study has shed light on new resistance 
mechanisms for osimertinib [14, 41], lorlatinib [13], and 
dabrafenib-trametinib [42] in lung cancer patients with 
EGFR, ALK, and BRAF mutations, as well as for FGFR2/3 
TKIs in urothelial cancer or cholangiocarcinoma patients 
with FGFR2/3 alterations [12], [24].

Secondly, MATCH-R now represents a substan-
tial repository of high-throughput sequencing data. It 
includes 679 WES and 544 RNAseq data from patient 
biopsies, along with clinical information. Addition-
ally, there are 94 WES and 77 RNAseq data available 
from matching patient-derived xenograft (PDX) mod-
els, all accessible through the EGA for further analysis 
(EGAD50000000697).

Furthermore, MATCH-R has been crucial in guiding 
participating patients towards molecularly targeted treat-
ments. It has allowed them to benefit from tailored treat-
ments after developing acquired resistance, thanks to the 
molecular profiling of their tumors. This personalized 
approach has significantly improved patient outcomes.

Lastly, the MATCH-R study has generated an almost 
unprecedented collection of molecularly characterized 
PDX models. This collection holds immense potential for 
future research and advancement in the field of personal-
ized medicine.

Overall, the MATCH-R study has been a step forward 
in personalized medicine, providing invaluable samples, 
extensive sequencing data, tailored treatments, and a 
remarkable collection of PDX models.
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